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Abstract 
The Purpose of this work is to study about the microstructures, mechanical properties and wear characteristics of as cast silicon 
carbide (SiC) reinforced aluminum matrix composites (AMCs). AMCs of varying SiC content (0, 5, 10 and 20 wt. %) were 
prepared by stir casting process. Microstructures, Vickers hardness, tensile strength and wear performance of the prepared 
composites were analyzed. The results showed that introducing SiC reinforcements in aluminum (Al) matrix increased hardness 
and tensile strength and 20 wt. % SiC reinforced AMC showed maximum hardness and tensile strength. Microstructural 
observation revealed clustering and non-homogeneous distribution of SiC particles in the Al matrix. Porosities were observed in 
microstructures and increased with increasing wt. % of SiC reinforcements in AMCs.  Pin-on-disc wear test indicated that 
reinforcing Al matrix with SiC particles increased wear resistance. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Department of Mechanical Engineering, Bangladesh University of 
Engineering and Technology (BUET). 
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1. Introduction 
Metallic matrix composites are combinations of two or more different metals, intermatallic compounds or second 
phases in which dispersed phases are embedded within the metallic matrix. They are produced by controlling the 
morphologies of the constituents to achieve optimum combination of properties. Properties of the composites 
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depend on the properties of the constituent phases, their relative amount, dispersed phase geometry including 
particle size, shape and orientation in the matrix [1, 2]. 
AMCs have found wide applications in our daily life. There are some advantages in using particles reinforced 
AMCs materials than unreinforced materials such as- greater strength and high specific modulus, improved stiffness, 
light weight, low thermal expansion coefficient, high thermal conductivity, tailored electrical properties, increased 
wear resistance and improved damping capabilities. Reinforcing constituents can be incorporated within the matrix 
in the form of particles, short fibers, continuous fibers or mono filaments. Now it is used in aerospace, thermal 
management areas, industrial products, automotive applications such as engine piston, brake disc etc. [3] 
AMCs can be manufactured by liquid state processing (stir casting, infiltration, squeeze casting etc.), semisolid 
processing and powder metallurgical route. Usually non metallic and ceramic particles like silicon carbide (SiC), 
alumina (Al2O3), boron carbide (B4C), graphite etc. are used as reinforcements in AMCs.  
When loads are applied externally to the composites, metal matrix transmits loads to reinforcements and then 
loads are carried by dispersed reinforcements bonded with the matrix. Strong interface bond between reinforcements 
and matrix is required to obtain high strength of composites. Interface bond is formed by reaction or mutual 
dissolution during casting. Therefore, good wetting of the reinforcements is necessary during casting [4]. 
The aim of this study is to observe the effect of SiC reinforcements in Al matrix composites on microstructural 
aspects, hardness, tensile strength and wear resistance. 
2. Experimental 
2.1. Materials 
Al was used as matrix material and SiC particles were added as reinforcements to prepare composites in this 
study. The chemical composition of Al used as matrix material is given in table 1. To increase the wettability of SiC 
particles in the molten Al, 1 wt. % of magnesium (Mg) was added to molten aluminum during casting [5]. SiC 
particles of mesh size -200/+270 (particle size is below 74μm and above 53μm) and ribbon shaped Mg were used. 
     Table 1. Composition of Al used as matrix material (wt. %) 
Elements Fe Si Mn Cu Mg Al 
% 0.16 0.19 0.01 0.01 0.01 Balance 
2.2. Preparation of composites 
SiC reinforced AMCs were prepared by stir casting process. Al was melted in furnace and when the temperature 
of the liquid Al reached at 750°C, Mg was added in the melt. Heat treated SiC particles were added in molten metal 
through funnel at 730°C. Silicon carbide particles were preheated at 800°C for about two hours. An electrical 
resistance furnace assembled with graphite impeller used as stirrer was used for stirring purpose. After SiC addition, 
the liquid metal-reinforcements mixture was stirred for 10 minutes at a rpm of 500. Finally composites were poured 
in preheated metal moulds at 670°C. The melt was allowed to solidify in the mould. 
2.3. Experimental testing 
Microstructures of the composites were observed to reveal the distribution of SiC particles in Al matrix. Samples 
were polished on emery papers of different grades and then cloth polished with fine alumina powder on revolving 
wheel.  Microstructures were seen in unetched condition using optical microscope at 500X magnification. 
Vickers hardness of the samples was determined using Future Tech - FV 800 Vickers hardness testing machine. 
Samples were mounted with bakelite so that samples could not move when the load was applied. A diamond 
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indenter was impressed on material at a load of 5 kg for 10 seconds. To avoid the segregation effect of the 
reinforcements in the matrix, four readings were taken for each sample. 
 
Fig. 1. Dimensions of tensile test specimen 
Tensile test was performed using computerized Instron tensile testing machine. The test was conducted using 
strain rate of 2mm/min at room temperatures. As cast Al and composite tensile test specimens were prepared using 
lathe machine and shaper machine according to the dimensions as shown in Fig.1. 
Wear test was conducted using pin-on-disc method at room temperature and dry sliding condition. Cast iron discs 
of diameter 9 cm and Rockwell hardness HRC-47 were used as counter discs. The diameter of head and tail were 
8mm and 5 mm respectively and the length of head and tail were 4 mm and 8 mm respectively of wear test sample. 
All wear tests were conducted at 300 rpm of rotating counter disc and applying a fixed load of 10N on test samples. 
During wear test, weight losses from the worn surfaces were measured at one hour interval with total time duration 
of 5 hours for each sample. 
3. Results and discussion 
3.1. Microstructures 
The properties of composites depend on the microstructure and interface characteristics between reinforcements 
and matrix. Fig. 2, Fig. 3 and Fig.4 show the optical microstructures of 5, 10 and 20 wt. % SiC reinforced AMCs 
respectively. From microstructural analysis, clustering and non-homogeneous distribution of SiC particles in Al 
matrix were observed. This was due to the variation of contact time between SiC particles and molten Al during 
composites processing, high surface tension and poor wetting behaviour of SiC particles in the liquid Al [6]. Non-
homogenization of SiC particles in Al matrix can be observed in the microstructure of 10 wt. % SiC reinforced 
AMC as shown in Fig. 3. Some places in Al matrix can be identified without SiC reinforcing particles. 
Porosities were observed in all microstructures. This was because when SiC particles were added in the melt during 
casting, it introduced air in the melt entrapped between the particles. Therefore increasing wt. % of SiC particles 
increased entrapped air resulted in higher amount of porosity [4]. 
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Fig. 2. Microstructure of 5 wt. % SiC reinforced AMC 
 
Fig. 3. Microstructure of 10 wt. % SiC reinforced AMC 
       
Fig. 4. Microstructure of 20 wt. % SiC reinforced AMC 
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3.2. Hardness  
The resistance of materials against surface indentation is termed as hardness. The micro hardness of composites 
evaluates the interface bonding strength between reinforcing particles and matrix [7].  
         Table 2. Vickers hardness of SiC reinforced AMCs 
Materials Vickers Hardness 
Al + 0% SiC 24.50 ± 0.35  
Al + 5% SiC 38.67 ± 1.81  
Al + 10% SiC 42.30 ± 2.43  
Al + 20% SiC 45.40 ± 1.06  
 
Table 2 shows the Vickers hardness values of AMCs containing varying wt. % of SiC reinforcements. The table 
shows that addition of SiC particles in Al matrix composites enhances the hardness of AMCs when compared with 
unreinforced Al. When unreinforced Al has Vickers hardness value of (24.50 ± 0.35), hardness value increases with 
increasing SiC content and maximum obtained hardness value is (45.40 ± 1.06) for 20 wt. % SiC reinforced AMC. 
The presence of harder and well bonded SiC particles in Al matrix that impede the movement of dislocations 
increases the hardness of AMCs.  
3.3. Tensile strength  
Fig.5 shows the relation between tensile strength and wt. % of SiC reinforcements of fabricated composites.   
From the tensile test results, it is observed that the tensile strength of AMCs is greater than unreinforced Al. Increase 
of tensile strength in AMCs can be attributed due to the applied tensile load transfer to the strongly bonded SiC 
reinforcements in Al matrix, increased dislocation density near matrix-reinforcement interface, and grain refining 
strengthening effect [8, 9]. 
In a composite containing strong matrix with strong interface, the crack has to propagate across both matrix and 
reinforcements [10]. With the increase of wt. % SiC, although porosity increases but increase of strength due to 
strong interfacial bond contributes to enhance the tensile strength of AMCs. The decrease of tensile strength for 10 
wt. % SiC reinforced AMC is due to the effect of segregation of SiC particles in tensile test specimens. 
 
 
Fig. 5. Tensile strength of SiC reinforced AMCs 
108   Md. Habibur Rahman and H.M. Mamun Al Rashed /  Procedia Engineering  90 ( 2014 )  103 – 109 
 
3.4. Wear test 
Wear is a process of material removal [11].  Fig. 6 shows the cumulative mass loss from sample’s surface as a 
function of time during wear test. It is seen from the graph that mass loss for unreinforced Al is greater than SiC 
reinforced AMCs. This is because the softer Al matrix is worn away first from sample’s surface during wear test 
leaving the hard SiC particles on worn surface. These exposed SiC particles protect the Al matrix from further wear 
[12]. As the wt. % of SiC in the AMC increases, the resistance to wear at contacting surface is increased. As seen in 
Fig. 6., 20 wt. % SiC reinforced AMC showed lowest amount of mass loss and hence maximum wear resistance. 
 
Fig. 6. Cumulative mass loss of AMCs as a function of time 
4. Conclusion 
In this experimental study, AMCs of varying SiC content (0, 5, 10 and 20 wt. %) were prepared using stir casting 
fabrication technique. Microstructural aspects, hardness, tensile strength and wear characteristics of the prepared 
composites were studied. Based on experimental evaluation, following conclusions can be expressed- 
01. Clustering and non-homogenous dispersion of SiC particles in Al matrix were observed in the 
microstructures. Porosities were found in the microstructures. 
02.  Addition of SiC in Al matrix increased Vickers hardness and tensile strength of composites when compared 
with unreinforced Al. 20 wt. % SiC content AMC showed maximum hardness and tensile strength.  
03.  Wear resistance of SiC reinforced AMCs showed an increase with increasing SiC content in Al matrix. 20 
wt. % SiC reinforced AMC showed maximum wear resistance. 
From the results above, SiC reinforced AMCs showed better hardness, tensile strength and wear resistance than 
unreinforced Al. 
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